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BIOLOGICAL BULLETIN 


INTER-PERIODIC CORRELATION THE ANALYSIS 
GROWTH. 


the literature growth, mathematical equations describe 
changes the actual size the organism, changes the 
growth rate, are finding continuously widening applications. One 
has merely refer the papers Robertson, Miyake, Moeser, 
Ostwald, Reed and Holland (1919), and Reed for illus- 
trations. 

The criticism usually directed against such work that the 
higher organism, growth highly complex process, and that 
consequence cannot represented mathematically. be- 
cause the very fact that growth complex process that 
mathematical analysis the experimental data necessary. 
Corollary this must the recognition the fact that since 
growth not simple process, one mathematical formula will 
adequate for full and one method adequate for 
complete analysis. 

Our purpose the present note illustrate series 
data collected one (1919) the application inter-periodic 
correlation coefficients certain phases the problem growth. 

Before passing the analysis, which the special purpose 
this paper, definition the terms which will used note 


Citations literature may traced from Reed’s paper. 

Those who consider the possible adequacy single equation take the 
simple equation, may virtue the fact that during growth the various 
(often conflicting external) factors which affect the living substance are inte- 
grated the organism. 
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the nature the data which the statistical methods are 
illustrated are order. 

growth stage mean any given moment time which 
series organisms are measured. is, therefore, synonymous 
with age during the growth period. The absolute size the 
organism one more its parts given growth stage 
the only character the organism available for consideration. 

growth period understand the period time elapsing 
between the sth and the growth stage. 

The increase size during any such period shall designate 
growth increment. 

relative growth increment, understand the ratio 
the growth increment, the absolute size the individual 
stage, where and are any two successive stages. 

Turning now the question the original data given 
Table Reed’s (1919) publication note from study the 
physical constants for absolute size Tables and II. that there 
increase the mean height the plants the 77th day. 


TABLE 


STATISTICAL CONSTANTS FOR Various STAGES. 


Growth Stage. | Mean. Standard Deviation. | Coefficient of Variation. 


17-931 1.617 9.0 
36.328 4.786 13.2 
67.845 8.932 13.2 
97.672 14.673 15.0 
130.724 19.174 14.7 
168.707 24.801 14.7 
205.397 32.760 16.0 
229.672 37-842 16.5 
247-345 42.574 17.2 
251.776 43-433 17-3 
253-810 17.2 


The increase from the 63d the and from the 7oth the 
77th day relatively slighc, being only 4.43 cm. 1.79 per cent. 
the height for the 63d day the first case and only 2.03 cm. 
0.81 per cent. the value for the 7oth day the second case. 
The difference between the 84th day and the 77th day negli- 
gible. view the fact that there appreciable growth 
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INTER-PERIODIC CORRELATION, 245 


the sense which the term used here between the 77th and the 
84th day, this period will left entirely out account the 
calculation the correlations for the following discussions. 
Furthermore considering the constants for growth incre- 
ments shown Table note that the coefficients varia- 


CONSTANTS FOR GROWTH INCREMENTS FOR VARIOUS GROWTH 
Growth Period. | Mean Increment. Standard Deviation. Coefficient of Variation. 
18.397 3.764 20.5 
24.276 16.540 68.1 
17.672 13.803 78.1 


tion for growth increments from the 63d the 77th day are 
abnormally great. This may part due biological causes, 
but doubtless due considerable extent the relatively 
large error measurement when the increment very small 
comparison with the size the organism. this true, 
should expect the correlations for actual size for the 63d 
84th day about the same those for the immediately preced- 
ing growth stages, but the correlations for growth increments may 

The problems which may considered will presented and 
discussed seriatim. 

II. Data, 


The correlation between the absolute size the 
organisms its several periods development. 

When examined early stage development, organisms 
are found differ among themselves size. The same found 
the case when the same series measured later growth 
stage maturity. 

the biological analysis the phenomenon growth prob- 


q 
q 
4 
j 4 
| 
q 
| 
| 
| 
q 
{ 
| | 
| 4 
| 
q 
q 
5 


246 ARTHUR HARRIS AND 


lem great importance that the causes which bring about 
the differences size observable any stage development, 
after growth has entirely ceased. Are individuals which are 
found small maturity those which were small initially and 
have remained from the beginning, may the growth rate 
individual change during the course its development such 
extent that may vary its position the series under investi- 
gation from time time? That the latter some extent the 
case know from general observations human children. The 
problem solved that the quantitative magnitude the 
relationship between the size the individual different stages 
development. 

The nature the biological problems investigated has 
been stated earlier work, and attempt has been made 
solve them grouping plants according quintile (Pearl and 
Surface, 1915) quartile (Reed, 1919) position the culture 
which they belong and ascertaining the quartile quintile 
which they fall different stages growth. 

This methed has the disadvantage that all the individuals, 
whatever their size, are lumped together four five groups. 
this method treatment, small differences between two indi- 
viduals are, therefore, given much significance large ones, 
providing they are large enough throw the two individuals into 
different quartiles quintiles. 

alternative method, which will completely obviate this dif- 
ficulty, determine the correlation between the sizes the 
individual different periods growth. The possible correla- 
tions between the absolute size the individuals the dif- 
ferent stages growth the Helianthus plants are shown 
Table 

The coefficients this table can best understood first ex- 
amining those for the relationships between the sizes the plants 
near the period maturity, and then passing the relationships 
between the sizes the plants earlier stages. 

Considering first all the coefficients the lower right-hand 
corner the table, note that all the coefficients are very high, 
denoting practically perfect correlation. THis the relationship 
which would expected for period when the organism has 
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248 ARTHUR HARRIS AND 


practically attained its adult size and which there relatively 
little change from one week another. 

follow the correlations between the later periods and 
preceding periods back, note that there regular decrease 
the values the correlation coefficients. This may best 
shown summarizing the results graphically diagram 

the graph the correlation the size the organism each 


AGE 


growth stage with its every antecedent growth stage (shown 
the bottom the diagram) shown the scale correlation 
the left points marking the magnitude the correlations 
for each the growth stages. The pitch the lines connecting 
the points for the 14th the 77th growth stage shows the rapid 
decrease the magnitude the correlations the stages be- 
come more widely separated time. 
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The same type diagram may used show the relation- 
ship between the size early and later growth stages. Dia- 
gram shows the distribution the magnitudes the correla- 
tions for sizes the individuals the 7th the 7oth day (stage) 
and the size subsequent growth stages. 

From these lines clear that the correlations between size 


AGE PLANT (STAGE) 


DIAGRAM 


antecedent and subsequent periods decrease the periods be- 
come more widely separated time. This true without ex- 
ception for every period which furnishes evidence upon the 
question. 

The coefficients are, however, positive sign throughout, thus 
suggesting (though some cases not proving) that throughout 
its growth period the size the plant bears some relation its 
size when first measured. This result agreement with the 
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findings Webber (1920) regard the growth Citrus 
stock. 

The correlation between the growth increments 
the organism during the several growth periods. 

Our second problem determine whether there corre- 
lation growth increments well actual size the or- 
ganism. shall thus answer the question whether the organism 
which grows more rapidly than the average during one growth 
period will grow more rapidly than the average other growth 
periods and whether the organism which lags behind the average 
its rate growth during one growth period will also lag be- 
hind during other growth periods. 

Little has heretofore been done towards the statistical treat- 
ment growth increments. This probably part due the 
arithmetical difficulties computing the constants for incre- 
ments, but the moments and product moments taken about 
zero origin computing the coefficients required under Prob- 
lem above, the calculations for growth increments are easily 
made the use formule given elsewhere (Harris, 1920). 

The symmetrical table showing the relationship between the 
actual growth increments for all the combinations growth 
periods appears Table This table shows positive and sta- 
tistically significant correlation coefficients for closely associated 
periods throughout the season and including the period for 
the 63d the 7oth day. The coefficients for the period from 
the 7oth the 77th day cannot general considered statis- 
tically significant comparison with their probable errors. 

Examining these results little greater detail, note that 
the nine coefficients showing the relationship between the growth 
increments successive weeks (the constants bordering the diag- 
onal cell the symmetrical table constants) are all positive 
sign and with the exception the last (showing the relationship 
between the growth the period from the 63d 7oth and that 
between the 7oth 77th day) all are statistically significant. The 
eight coefficients measuring the correlations between the growth 
increments weekly periods which are separated one week 
are also without exception positive, but are lower magnitude 
and less certainly statistically significant. For periods more 
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252 ARTHUR HARRIS AND REED, 


widely separated time the correlations are part positive and 
part negative sign. 

Thus from the results whole appears that the incre- 
ments successive periods are generally positive and fairly 
highly correlated when the periods show actual growth incre- 
ments. Thus the zone coefficients lying along the diagonal 
cell are positive and generally fairly high. When the periods are 
separated any considerable length time the coefficients are 
generally insignificant magnitude and may, matter fact, 

The relationship may brought out determining the aver- 
ages the correlation coefficients, with regard sign, for the 
increments periods separated various lengths time. The 
results are follows. 


Period of Separation Number of Correlations Average 
(Weeks). Averaged. Correlation, 


disregard the cases which there are less than five co- 
efficients averaged, note steady decrease the magni- 
tude the correlation coefficient. Periods growth which are 
successive separated only one week have positively corre- 
lated growth increments. Periods which are more widely separ- 
ated show negative correlations the increments. 

The relationship between the coefficients Table IV. may 
clarified diagram which shows the relationship between four 
the ten growth increments and each the other ten incre- 
ments. The increments selected “first variable” the cor- 
relation are the first, fourth, seventh, and tenth. This has the 
advantage representing the first and the last growth incre- 
ment, and leaving undrawn more than two successive incre- 
ments. The figures are aligned according the ten increments 
representing the “second variable” the correlation. 
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254 ARTHUR HARRIS AND REED, 


The graphs for the first, fourth and seventh increment show 
clearly the shift the position the maximum positive corre- 
lation from the earlier the later periods the first 
chosen from the later periods. The same shown less clearly 
the correlations for the tenth increment, but there the coeffi- 
cients are very small, presumably because growth has practically 
ceased. 

clear, therefore, that plants which are growing more 
rapidly during any period development will grow more rapidly 
during closely associated subsequent period development but 
that there little relationship, even negative relation- 
ship, between the rate growth the organisms studied con- 
siderably separated periods time. 

Since the correlations for absolute growth increments are 
small for all except successive periods time, seems unneces- 
sary deal present with the relative growth increments, 
with the growth increments expressed fraction the size 
the organisms the beginning the growth period. 

The correlation between the absolute size the 
organism given stages development and subsequent growth 
increments. 

the higher plant organism rate growth any period 
must supposed depend some extent upon plastic ma- 
terials synthesized the more nearly mature portions the 
same individual. Thus one might expect find relationship 
between the actual size the organism any stage growth 
and the rate which the organism increases size during sub- 
sequent period. 

have determined the possible correlations between the ab- 
solute size the organism different periods and the growth 
increment the organism during subsequent growth periods. 
The coefficients are presented Table This shows positive 
correlation between the actual size the organism every stage 
development from the 7th the 7oth day and the increase 
the size the organism during the following week. The mag- 
the 7th, 14th, and 28th day. For these growth stages the 
correlation between actual size and the subsequent growth incre- 
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256 ARTHUR HARRIS AND REED. 


ment clearly significant comparison with its probable error. 
The coefficients are lower for the 35th and the 42d day, but are 
probably statistically trustworthy. Beyond this period there 
seems relationship between the size the organism and 
its growth rate immediately following period. 

For the first two stages growth measured, the 7th and the 
14th day, there may significant correlation the order 
between size and growth increments during the sec- 
ond following week. 

The coefficient correlation between size and the increment 
the second week following also positive for the and 
28th day, but neither these values may considered statis- 
tically significant comparison with its probable error. Finally 
for the first stage (seventh day) there may significant cor- 
relation between absolute size and growth increments during the 
third week following for increment for 28th 
day). Other than this the coefficients are for the most part sta- 
tistically insignificant comparison with their probable error. 

Summarizing the preceding statements basis for further 
analysis, note that for the first six growth stages (7th 42d 
day) there significant positive correlation between the size 
the organism the given stage and the growth increment the 
following week. For the first two growth stages (and possibly 
the third where there significant correlation 
between the the organism and the growth increment 


the second subsequent week. Finally, for the first stage only, 


there significant positive correlation between size and growth 
increment the third subsequent week. 

Disregarding these coefficients and the positive but not sig- 
nificant correlations between the sizes the several growth stages 
and the growth increments the following week, may note 
the following facts concerning the remaining coefficients. 

these coefficients are negative while only are posi- 
tive sign. the positive coefficients only that between 
actual size the day and growth increment between the 
28th and 35th day (already considered above) large its 
probable error. the negative coefficients are larger than 
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their probable error, and these are over twice large 
their probable error. 

There is, therefore, clear evidence that the subsequent growth 
the higher plant organism measurably conditioned its 
size. general the larger individuals grow more rapidly im- 
mediately subsequent periods, but somewhat more slowly than 
the average more distant subsequent periods. 

While detailed discussion the relation these results 
the theory that growth may satisfactorily described the 
curve autocatylic reaction falls quite outside the scope 
this paper, must noted that negative correlations between 
actual size given stage and the growth increments certain 
subsequent growth periods might expected. Reed and 
Holland (1919) have pointed out the plants attained about half 
their final height about the thirty-fourth day. From this time 
the increments were decreasing. Plants which had attained 
more than the average size this period would, therefore, 
necessity, make smaller average increase size later periods. 

The number individuals measured not sufficiently large 
carry the analysis farther. 


The purpose this paper has been illustrate the basis 
specific series data the value the inter-periodic correlation 
coefficient the analysis the phenomena growth. 

The analysis shows that the case series Helianthus 
plants the actual size the individual any stage develop- 
ment closely correlated with its size other closely associated 
stages development. The magnitude the correlation rapidly 
diminishes the growth stages become more widely separated 
time. Thus the final size the organism but slight extent 
determined its initial size. 

The correlation between successive growth increments posi- 
tive sign and statistically significant, with the general average 
The correlation for increments weekly periods 
separated one week the average only about 
For periods more widely separated than this the correlation be- 
tween growth increments the average negative sign. 
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258 ARTHUR HARRIS AND REED, 


Thus plants which are growing more rapidly during one period 
development will grow more rapidly during closely asso- 
ciated period, but there little relationship between the 
growth increments more widely separated periods. 

The growth increment the organism positively corre- 
lated with its size immediately preceding stage. the 
early stages growth, the growth increments two even 
three subsequent periods are positively correlated with the initial 
size the organism. 
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THE CHROMOSOMES PSEUDOCOCCUS 


FRANZ SCHRADER, 


Bryn COLLEGE. 


INTRODUCTION. 


the course some work sex determination the dif- 
ferent species Pseudococcus—a genus the Homoptera— 
very peculiar conditions were met with the chromosome be- 
havior. These peculiarities were observed especially Pseudo- 
coccus nipe (identified Morrison, Bureau Entomology), 
and this species that the present account given. more 
detailed report, covering other species Pseudococcus well, 
reserved for later paper. 

Most the material was fixed Allen’s modification 
Bouin’s fluid. the whole, fixation more less 
best the cells are somewhat small. The main features are 
clear cut, however, and hardly mistaken. indebted 
Professor Wilson and Professor McClung who 
examined some slides and offered helpful criticism. 


THE CHROMOSOMES THE FEMALE. 


The number somatic chromosomes the female ten, with 
little size and form differentiation. Counts are made with 
little difficulty various cells, but cells furnish 
course the best criterion. Generally the chromosomes are counted 
most easily just before they have become arranged meta- 
phase plate. There can doubt their number (Fig. 6). 
detailed study the maturation phenomena the female was 
not made. Suffice say that five tetrads are formed and that 
these are normal appearance; they are very much like those 
formed the odgenesis many other Homoptera (Fig. 7). 
The reduction process thus probably not unusual. 


SPERMATOGENESIS. 


The somatic number chromosomes the male also ten, 
and the female these seem alike size and shape. 
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260 FRANZ SCHRADER. 


Such chromosome counts were generally made cells the de- 
veloping nervous tissue where division phases are common Figs. 
and 4). 

Spermatogonial divisions seem completed with compara- 
tive speed, for specimens which show them are not plentiful. 
Just the somatic cells the number here undoubtedly ten 
(Fig. 5). 

The stage following the spermatogonia seems much longer 
duration. The cells increase perceptibly size during this 
time. The earliest phase observable shows some flocculent masses 
lightly staining chromatin irregularly distributed through the 
nucleus. one point, always the periphery the nucleus, 
there more deeply staining mass. Nothing concerning the 
structure this can made out and its shape variable (Fig. 
8). With progressive development this deeply staining mass 
undergoes few, very definite, changes. successive steps 
appears that number more less irregular lumps evolved. 
Still massed first, these gradually become separated and then 
certain that they are five number (Figs. 11). 
this latter stage that split occasionally visible some them, 
but with increasing condensation this again becomes obliterated. 
Throughout this development these five bodies retain definite 
tendency remain close proximity each other, and this 
tendency one that persists also through subsequent stages. 

the meanwhile the flocculent and more lightly staining chro- 
matin has also undergone development. Before the denser mass 
has become evolved into five distinct bodies, this chromatin has 
been transformed into fine network threads. Apparently 
these are polarized toward the dense mass (Fig. 9). Like the 
leptotene threads other forms, these threads shorten and 
thicken, process accompanied progressive increase their 
staining intensity. Polarization finally lost, and already this 
stage becomes apparent that the number shortened threads 
less than ten (Fig. 10). the threads continue their process 
shortening, they are counted with greater ease, and such 
stage shown Fig. becomes certain that they are five 
number. Like the denser bodies, these sometimes show lon- 
gitudinal split. 
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Both the denser bodies well the threads continue pro- 
gressive condensation, and the former reach their final form some 
time ahead the latter (Fig. 12). They are then somewhat 
oblong shape, and take the hematoxylin stain with great inten- 
sity and there can doubt their chromosomal nature. 
Somewhat later the erstwhile threads have also assumed this 
form, and there are then ten these bodies chromosomes, 
identical size and shape. Those first evolved continue be- 
tray certain affinity for each other, and the metaphase plate 
constitute central group around which the other five chromo- 
somes become ranged definite order (Figs. and 14). 
Aside from this very characteristic grouping, the only difference 
between the two sets chromosomes that apparent consists 
the rate which they evolve the stage which the starting 
point their development. 

Throughout this development, there has been trace 
tetrad formation. The general features the case indicate that 
the split which was spoken occurring one stage nothing 
more than preparation for the equation division else something 
the nature the observable lower Crustacea. 

Division now occurs ordinary manner and ten chromosomes 
each pole (Figs. 17). The arrangement chromo- 
somes the daughter cells not absolutely certain, although fig. 
indicates that there also the characteristic grouping retained. 
Figures like these are too rare admit any definite conclusion 
however. any rate, the time which such arrangement 
persists must very short, for the chromosomes are generally 
found more less irregular heap (Fig. 18). 

The division just described undoubtedly equational char- 
acter. Following there seems intervening further 
development the chromosomes the daughter cells. Instead, 
they begin scatter longitudinal direction. This process 
not entirely irregular however for results their separation 
into two groups five each (Figs. 22). remarkable 
feature that these two groups are each characterized distinct 
and different arrangement their component chromosomes. 
The group going one pole assumes the form 
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triangle, while the sister group which goes the opposite pole 
circular lumped arrangement (Figs. and 22). This 
grouping constant and has been observed many speci- 
mens, that mistake seems possible, and the conclusion seems 
inescapable that some significance. The telophase this 
anomalous division still shows traces the arrangement, but 
these are soon lost the chromosomes each daughter cell dis- 
tribute themselves around the periphery the nucleus. Their 
number here undoubtedly five (Fig. 24). This initiates the 
formation the spermatids which the chromosomes gradually 
loose their staining reaction. study the subsequent stages 
was made except determine that there sign degenerat- 
ing abortive cells nor size dimorphism the spermatozoa. 


SoMATIC CHROMOSOMES. 


Returning the somatic tissues, may remarked here that 
although the number chromosomes each sex the same, 
their arrangement differs the two sexes. This especially 
noticeable the developing nerve tract, where the male the 
cells the resting stage show relatively large nucleolus like 
structure (Fig.2). This not seen the same tissue the 
female where cells show only the flocculent chromatin peculiar 
that phase (Fig. 1). That the nucleolus-like structure the 
male nerve cells nothing but the group five chromosomes 
mentioned the description the spermatogenesis becomes 
almost certain metaphase plates found the same tissue. 
Figs. and show such grouping without doubt. 

Exactly the same feature observable spermatogonial plates, 
though the size these renders them less favorable 
contradistinction, oogonial plates have such arrangement, and 
even such late stage before division shown Fig. the 
chromosomes are arranged definite order. 


DISCUSSION. 


interpretation these observations perhaps not out 
place. here given with the idea that should not affect the 


observations however may received and advanced 
speculative way. 
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has already been stated, odgenesis very probably follows 
ordinary lines. The ten chromosomes constituting the diploid 
number are composed five homologous pairs, and these synapse 
and form tetrads. Reduction very probably normal, and re- 
sults pronucleus with five chromosomes. 

the spermatogenesis, the spermatogonial divisions, like the 
somatic divisions, also occur orthodox manner. This ap- 
parently not true the meiotic divisions however. explana- 
tion these, the best hypothesis one which views the various 
developments the light sex chromosomal behavior and 

The central group chromosomes which appears the growth 
stages the male the more densely staining mass contains sex 
chromatin, equally distributed among the five chromosomes. The 
remaining chromosomes, which stain lightly first, represent 
what may regarded purely autosomal chromatin. Granting 
this, and the assumption does not appear unjust the light 
what has been described, the seemingly peculiar development 
becomes natural consequence. Just the spermatogenesis 
the various Orthoptera and Hemiptera, the sex chromosomes 
always stain more less intensely, and far observable 
not through the various stages thread formation. That 
such formation may occur earlier, restricted sense even 
while the dense mass still irregular outline, not ruled out 
any means. The autosomal chromatin the other hand goes 
through all the usual steps, culminating the formation five 
chromosomes. The sex chromatin contained the five grouped 
chromosomes will tend explain their grouped 
since again the Hemiptera, multiple and chromo- 


somes show tendency remain close proximity during 
development. 


now the sex chromosomes Pseudococcus are re- 
garded homologous every way the autosomes, except that 
each carries certain amount sex chromatin, the subsequent 
behavior just would expected. may mention here that 
such sex chromosomes would imply more intimate union sex 
and autosomal chromatin than illustrated such case 
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Mermiria (McClung, ’05) where the sex chromosome and the 
autosomes are distinct, but the former attached one the 
latter. present unnecessary into the relation the 
two conditions, though very possibly they represent two distinct 
steps the phylogeny sex chromosomes. 

Their subsequent behavior more less analogous that 
the pair other forms. This pair does not form tetrad 
the ordinary sense simply because its members are not homo- 
logous, better perhaps, because neither has true synaptic 
mate. When the homozygous state both members pair 
sex chromosomes are homologous, synapsis and tetrad forma- 
tion occur just the autosomes. This fact plainly borne 
the growth and maturation phenomena the eggs Pseudo- 
coccus thus assumed that the present case 
the spermatogenesis Pseudococcus nipe the sex chromatin 
were distributed equally over the ten autosomes, the pairs would 
homologous and tetrads would formed the usual way. 

The cytological evidence indicates nothing that should render 
equation division exceptional nature, and does indeed occur 
the usual manner. The second division witnesses reduction 
that the autosomes carrying sex chromatin one pole while 
the purely autosomal chromosomes the opposite pole. 
Taking recourse parallel case once more, attention may 
drawn the two chromosomes Syromastes which always 
the same pole reduction Similarly, the multiple 
the Reduviide always goes one pole, although this not 
exactly parallel case since probably the product frag- 

Thus repeat what has already been intimated for the present 
case, the distribution the chromosomes their respective poles 
the reduction division may explained the ground that 
are concerned with five pairs chromosomes. The members 
each pair are homologous except for the fact that one them 
each instance carries certain amount sex chromatin. The 
presence the latter does not influence the behavior the 
chromosome pairs reduction and the members each pair 
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opposite poles. Its presence does however prevent haphazard 
distribution that the five chromosomes carrying this sex chro- 
mation tend remain clustered grouped and therefore 
the same pole. 

Although more less contrary the cytological evidence 
furnished other groups insects, may not amiss sug- 
gest the possibility that animals with haploid males each 
chromosome carries certain amount sex chromatin. 
follows that the diploid female would then represent whereas 
the haploid male would represent the haploid male the 
reduction division not truly abortional has been supposed, 
but merely division which these sex chromatin carrying 
chromosomes one pole while the opposite pole receives 
chromosomes simply because the mates these chromosomes are 
absent. interest note that the straggling lagging 
often observed the sex chromosomes various insects 
paralleled the scattered and irregular distribution the chro- 
mosomes the spindle this division the Hymenoptera. And 
lastly, such irregular distribution found also the reduction 
division Pseudococcus nipe. 

Pseudococcus thus would stand half way between forms 
with haploid males where every chromosome carries sex chro- 
matin, and forms which the sex chromatin carried very 
few chromosomes and there little numerical variation the 
chromosomes the two sexes. other words, half the 
chromosomes the males carry sex chromatin. 

Although superficially instance Weismann’s postulated 
ideal type reduction which the diploid number chromo- 
somes halved without previous syndesis, the spermatogenesis 
Pseudococcus nevertheless follows the commonly ac- 
cepted lines meiosis. The apparently exceptional behavior 
can explained due extreme mode sex chromatin 
distribution and not unique example the Primertypus 
reduction. may remembered that Goldschmidt and 
gave this name instance Weismann’s simple type 
which thought have discovered Zodgonus mirus. The 
Schreiners (’08) examining Goldschmidts slides believed have 


| 
| 
| 
| 
| 
\ 
| 
q 
{ 

| 

| 

i 

q 

q 

| q 

q 

| 
q 

q 
q 
q 
3 


266 FRANZ SCHRADER. 


found serious error his counts somatic chromosomes, 
which they believed reality and not had 
reported. Furthermore, reduction occurred the ordinary way, 
just Tomopteris. Gregoire going over the same 
slides maintained that the Schreiners were correct that the 
case was one ordinary reduction, but that they turn had 
made error the chromosome counts. The somatic number 
about 12, and. the reduced number Lastly Wassermann 
and procured new material and concluded that 
Gregoire’s counts had been correct. did not agree with 
Gregoire the mode synapsis however, and apparently was 
unable reach final conclusion this regard himself. 
though thus does not believe that the question has received 
definite settlement, the fact remains that Zodgonus does not 
represent the simple type reduction that Weismann advanced 
hypothetical way. 

heterozygous that has five sex-chromatin carrying chromo- 
somes and five chromosomes purely autosomal character. 
Crossing over would not occur these chromosomes. would 
occur however the female, which the ten chromosomes are 
composed five homologous pairs. the male represents 
the female with ten sex-chromatin carrying chromosomes repre- 
sents 


SUMMARY. 


The diploid number chromosomes Pseudococcus nipe 
ten both sexes. 


the maturation the egg, five tetrads are formed and 
reduction probably normal. 

the spermatogenesis, five chromosomes are developed 
before the others, and'these tend remain grouped together. 

tetrads are formed, and reduction five chromosomes 


one pole (supposedly those evolved first) and five the 
other. 


Explanation this seemingly anomalous behavior 


sought the fact that five the chromosomes carry sex 
chromatin. 
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¥ 

Weismann’s ideal type reduction, exceptional example 
reduction due unusual sex chromatin distribution. 


BIBLIOGRAPHY. 
Goldschmidt, Richard. 
Befruchtung, und Embryonalentwicklung des 
mirus. Jahrb., Bd. 21. 
Die Chromatinreifung der Geschlechtszellen des Zodgonus mirus und 
der der Reduktion. Arch. Zellf., Bd. 
Gregoire, Victor. 


Cellule, Tome 25. 
McClung, 
The Chromosome Complex Orthopteran Spermatocytes. 
Vol. 
Morrill, Charles 
The Chromosomes the Odgenesis, Fertilization, and Cleavage 
Coreid Hemiptera. 19. 


Schreiner, A., und 
Neue Studien, Die Reifung der Geschlechtszellen von 
mirus. Vidensk. Selks. Schr. Math.-Naturv. 
Wassermann, 
Ueber die bei Zodgonus mirus Lss. Sitz.-Ber. Ges. 
Morph. und Phys., 
Zur von mirus, ein Beitrag zur Synapsisfrage. 
Ver. Anat. Ges. Bd. 26. 
Die Odgenese des Zodgonus mirus Lss. mikr. Anat., Bd. 83, 


Abt. 
Wilson, 
q 
All drawings made with Spencer eyepiece and Zeiss 1.5 objective with 
the exception Figs, and where eyepiece and mm. objective were 
used. 


4 
q 
7 
4 
a q 
a 
| 
7 
| 


268 FRANZ SCHRADER. 


Cells nervous tissue the female. 

Cells nervous tissue the male. 

and Metaphase plates from nerve tissue the male. 
Spermatogonial plates. 

cell. 

Tetrads prior polar body formation the egg. 

12. Growth stages prior first division. 

13. Metaphase plate first division. 


q 
7 
a 
| 
| j 
5 
q 
q 
q } 
| 
7 
q 
7 
| 
4 
| 
| 
| 
a 
| 
2 
é 
- 


PLATE |. 


BIOLOGICAL BULLETIN VOL. XL. 


FRANZ SCHRADER. 


~ } 2’ od 
‘ > | 
é 
J & q 
a q 
q 


FRANZ SCHRADER, 


14. Metaphase plate first division. 
15. Side view plate. 

18. First division (equational). 
23. Second reduction disvision 
and 25. Spermatids. 
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OBSERVATIONS THE CORETHRA 
PUNCTIPENNIS SAY. 


CHANCEY JUDAY.1 


INTRODUCTION. 


part general problem relating the biological produc- 
tivity lakes, quantitative survey the bottom fauna the 
deeper portions Lake Mendota Madison, Wisconsin, was 
made between the early part May, 1916, and the middle 
August, 1918. ‘This survey included only the macroscopic forms, 
such the insect larve, the and the Mollusca. The 
investigation showed that the full-grown larve Corethra punc- 
tipennis Say constitute the principal element the bottom popu- 
lation the daytime during the greater part the year. For 
least three quarters the year, fact, they not only far outnum- 
ber all the other forms combined, but they also exceed them 
total weight. The great abundance these larve thus makes 
them very important factor the biological complex the 
lake. 

Samples the bottom were obtained means modified 
form the Ekman dredge; the opening this instrument cov- 
ered area 473 square centimeters. The mud obtained 
each haul the dredge was washed through gauze net having 
meshes fine enough retain all the macroscopic forms. The 
material secured the net was transferred jar and was then 
taken the laboratory where the various organisms were sorted 
out and enumerated the living state. The average live and 
dry weights the various forms were also obtained, well 
the percentage ash. 

Observations were made five regular stations located 
water having depth 20.5 meters 23.5 meters. These sta- 
tions were widely separated order secure fair average 
the density the bottom population the deeper portions the 
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lake. The results obtained only one these stations, desig- 
nated Station are considered here, however, because the 
other four were not visited regularly during the winter months. 
From April June inclusive, the number larve found Sta- 
tion II. was from per cent. per cent. larger than the gen- 
eral average the five stations during these months, but 
August the general average was larger than the numbers Sta- 
tion II. the six sets averages obtained for the last three 
months the year 1916 and 1917, three the averages for 
Station were larger than the corresponding averages the 
five stations and three were smaller. Thus, the numbers ob- 
tained Station II. were somewhat larger than the general aver- 
age for the deeper part the lake whole during the first 
half the year, but they were somewhat smaller from July 
September and substantially the same from October De- 
cember. 


The average number Corethra larve per square meter 
bottom shown for the different months the year Table 
Large numbers these larve live over winter; fact they are 


TABLE 


NuMBER CORETHRA LARV# PER SQUARE METER OBTAINED FROM THE 
THE YEAR. 


all months except January and February the numbers represent averages 
two nine samples. 


January. 


February. April. May. June. 

17,300 
23,740 30,380 23,230 17,900 16,000 
Year. July. August. September. October. November. | December. 
3,380 7,400 17,600 26,900 26,900 
6,080 800 3,740 17,700 24,800 
2,820 960 


more numerous from November April than any other time 
the year. During this interval the numbers range from ap- 
proximately 18,000 30,000 individuals per square meter. 
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this time the year there loss from pupation and the losses 
from other causes are not great enough reduce the number 
these larve very materially, that the number remains uni- 
formly high during this period time. 

The ice usually disappears from the lake during the first week 
April and soon after this event the larve begin pupate. 
the temperature the water rises, the rate pupation increases 
that appreciable decrease the number larve noted 
for the month May. With the further advance the season, 
pupation becomes still more common and this results very 
marked decrease the number Corethra larve late June 
1916 and 1918, early July 1917. This decline 
numbers continues until the minimum the year reached 
August, more especially during the first half this month. 
minimum 295 larve per square meter was noted Station II. 
August 1917, while the average March this year was 
more than one hundred times large. (See Table I.) 

Small swarms adults appear May and early June, but 
the great flights are correlated time with waves very active 
pupation late June, July, and early August. Thus, enor- 
mous swarms appear from time time during the latter period. 

During late August and especially September there 
slackening the process pupation and correlated with this 
increase the number larve. The increase most marked 
during the second half September and early October, but 
the numbers not reach the maximum point until November 
December. The largest number larve obtained any the 
samples was 33,800 individuals per square meter December 

were not noted the samples mud until about the 
middle June, the beginning the more active period 
pupation; thereafter they appeared regularly until late August. 
maximum 2,890 per square meter was found June 
28, 1917, while the second rank was 1,370 individuals per 
square meter July 1917. 
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DEPOSITION AND DEVELOPMENT 


According Muttkowski the adults emerge night, begin- 
ning early the evening and continuing through the night. 
the morning, the lake quiet, the females can seen the 
surface, ovipositing through the surface film.” deposited 
females kept insect cages sink the bottom the aquarium 
and experimental evidence indicates that those deposited the 
surface the lake also sink the bottom. Mud from Station 
II. where the water 23.5 meters deep and also from Station L., 
located water 18.5 meters deep, was washed through sieve 
with meshes fine enough remove all the larve; this 
mud was then placed aquaria. the end five days dozen 
small Corethra larve had appeared the material from Station 
II., while five small larve were noted the other bottom ma- 
terial the end week, thus showing that the mud from both 
stations contained eggs. 

Eggs that were deposited females kept captivity hatched 
within forty-eight hours when the temperature the laboratory 
ranged from 21° 24° The temperature the lower water 
the deeper portions the lake much lower than this, how- 
ever, and the eggs which reach the bottom these areas probably 
not develop rapidly. The bottom temperature Station 
II. summer, for example, ranges from slightly more than 
some years about 14° other years. the other hand, 
eggs deposited water not exceeding five meters depth are 
subject temperatures 20° 25° July and August that 
they probably hatch about promptly those kept under lab- 
oratory conditions. 

Another factor that may retard development the deeper 
water the absence free oxygen. Usually all the dissolved 
oxygen below depth meters used the middle 
July, after which oxygen available this region until Oc- 
tober. Thus, all the Corethra eggs which reach the bottom 
water that meters deep more during this period must de- 
velop under anaérobic conditions they develop all. This 
stage covers the greater part the most active repro- 
ductive period this insect and approximately per cent. 
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the drea the lake lies within the meter contour. For two 
three weeks August, fact, little more than half the 
lake bottom subject anaérobic conditions. attempt was 
made ascertain the effect this lack oxygen the devel- 
opment the Corethra eggs. Many cocoons the 
Limnodrilus were noted the bottom material during this period, 
however, and the eggs them seemed developing normally 
the absence oxygen. This fact suggests that the eggs 
Corethra may also develop normally under conditions. 

The young Corethra larve were not noted the series net 
catches until the last week June, though the eggs the first 
adults each year undoubtedly hatch earlier date than this. 
They were found regularly the net catches from the latter part 
June the first week October. 


BEHAVIOR. 


1917 and 1918 net hauls were made regularly three 
the stations before the mud catch was taken order see 
any the full-grown occupied the water the daytime, 
but the results were entirely negative. Some these hauls were 
made early 8:30 A.M. and others late 4:30 P.M., 
that these observations covered the chief portion the day. 
was found also that the full-grown larve deserted the water 
cloudy days well clear days. 

series observations made Station II. during the after- 
noon and evening July 16, 1917, showed that the full-grown 
Corethra larve had not emerged from the mud 7:30 
just about sunset. 8:00 P.M., half after sunset, 


133 and per square meter lake surface were 


found the water. 8:30 P.M., one hour after sunset, 
these numbers had increased 3,945 larve and 442 pupe. 
the latter hour the full-grown larve had reached the surface 
the lake, thus showing vertical migration 23.5 meters during 
interval about one hour. 

similar set observations was made 1920 beginning 
5:45 P.M. June and continuing until 5:30 A.M. June 
11. the former date sunset came 7:36 P.M., standard 
time, and sunrise the following day 4:18 A.M. Co- 
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rethra larve were obtained from the water June until 7:15 
P.M., which time catch yielded individuals per square 
meter lake surface. Fifteen minutes later, just few min- 
utes before sunset, this number had risen 176 larve per square 
meter, and 7:50 P.M., about quarter hour after 
sunset, the number was 1,576. 7:36 P.M. the larve-had not 
invaded the upper meters water, but they had ascended 
the meter stratum. They did not appear the surface 
until about hour and quarter after sunset, that the rate 
upward migration was somewhat slower than that noted 1917. 
reached the surface 9:00 P.M., approximately 
hour and half after sunset. The largest number both larve 
and found the water during this set observations was 
noted catch taken 10:00 P.M.; the former there were 
4,730 individuals per square meter lake surface and the 
latter 11:00 P.M. the numbers had declined 2,100 
and I10 respectively the numbers were substantially the same 
these 2:00 A.M. June 

Larve were still found the upper meter water 3:30 
A.M., but they had disappeared from the upper meters 
3:47 A.M. and only one individual was obtained catch taken 
from the meter stratum 3:50 A.M. Practically, then, 
they deserted the upper meters water during period 
about minutes. should noted, also, that this downward 
migration was not due direct sunlight since took place 
least half hour before sunrise. The larve were still occupy- 
ing the 15-23 meter stratum considerable numbers, since 
catch 3:55 A.M. yielded 1,658 individuals per square meter 
that region; the same catch contained per square 
meter also. The number larve the lower water then gradu- 
ally diminished, the last disappearing between 4:45 and 5:00 
A.M. these results, then, the full-grown Corethra 
larve enter the bottom mud the end the first half hour after 
sunrise and they remain there until about sunset. 

Samples mud taken 6:00 and 7:00 P.M. June 
1920, yielded average 2,720 larve and per square 
meter bottom; result the migration into the water these 
numbers had declined 1,400 larve and per square 
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meter 8:00 P.M., while the samples obtained during the next 
three hours yielded from 1,600 2,100 larve. The latter num- 
ber was also found 3:00 A.M., but rose 2,665 4:00 
A.M. and slightly more than 3,000 per square meter 5:00 
A.M. Thus the mud contained from one half two thirds 
many larve night were found there the daytime. 

For certain period after they hatch out, the behavior the 
young larve very different the daytime from that the full- 
grown individuals; that is, the former occupy the lower water 
during the daylight hours instead the mud, being found the 
lower part the mesolimnion and the hypolimnion. The 
young larve migrate into the upper water night just the 
full-grown ones do. has not been definitely determined just 
how long this diffcrence behavior lasts; only rarely was 
individual found the mud which was estimated only one 
third large full-grown larva and frequently individuals 
were obtained from the water which were recorded 
grown. Thus, appears that the young larve inhabit the lower 
water the daytime instead the mud until they are approxi- 
mately one third grown, perhaps little larger. Muttkowski 
states that the larval period lasts from six seven weeks the 
summer broods; this basis may estimated that the dif- 
ference behavior between the young and full-grown larve con- 
tinues for the first ten days two weeks the larval period. 

series catches was made with plankton trap August 
1917, for the purpose ascertaining the vertical distribution 
the small The results are shown Table II. larve 
were found the upper meters, but they appeared meters 
and greater depths. The maximum number, 489 individuals 
per cubic meter water, was obtained depth meters, 
which was about the middle the hypolimnion. Somewhat 
more than per cent. the total number individuals occu- 
pied the meter stratum. 

Some results obtained Devils Lake, Wisconsin, show that 
the behavior the full-grown larve Corethra plumicornis 
differs the daytime from that punctipennis 

Malloch kindly identified this larva. 


‘ 
| 
| 


278 CHANCEY JUDAY. 


TABLE II. 


DIFFERENT LAKE MENDOTA AUGUST 1917. 


Those obtained meters and meters were recorded very small 
and for the other depths the individuals were estimated from quarter 
third large full grown larve. 


Depth Number Larve 

Meters. Degrees per Cubic 


Lake Mendota. the former lake two net catches May 25, 
1917, which were made the deepest water, namely, meters, 
gave average 422 full-grown plumicornis larve per 
square meter surface, while two hauls mud the same 
place yielded average 433 individuals per square meter. 
That is, these larve were substantially equally divided between 
the water and the mud about 10:00 A.M. bright morning 
when the water was transparent that white disc centi- 
meters diameter did not disappear from view until reached 
depth 8.6 meters. other words, the day distribution 
the plumicornis was practically the same Devils 
Lake the nocturnal distribution the larve punctipennis 
Lake Mendota. 

While the larve Corethra punctipennis give prompt nega- 
tive reaction light, yet hardly seems probable that their ex- 
tensive depth migration Lake Mendota, even including 
descent into the mud, simple light phenomenon. The trans- 
parency the water usually low summer; white disc 
centimeters diameter generally disappears from view depth 
two meters about four meters this season the year, 
which indicates that the light cut off rather rapidly the upper 
strata water. the morning June 11, 1920, for example, 
the reading was 4.25 meters. pyrlimnimeter has been used 
determine the rate which the sun’s energy cut off the 
upper strata the lake. The results obtained with this instru- 
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ment indicate that the intensity the illumination depth 
meters clear day, between 11:00 A.M. and 1:00 P.M., 
about equal that produced full moonlight the surface 
the lake. During the early forenoon and the late afternoon, 
well cloudy days, the illumination much smaller than this. 
For some time before sunset, the bottom stratum must sub- 
stantially total darkness, yet the observations show that the 
emergence the from the mud very closely correlated 
time with the setting the sun. 

Not only does the illumination the bottom water become 
very small the late afternoon, but there further protection 
from light afforded the bottom ooze which the remain 
concealed during the day. what depth the larve penetrate 
the loose mud not known, but the laboratory they readily 
burrow down depth centimeter more. The dim light 
which reaches the bottom the deeper portions the lake can 
penetrate the ooze only very slight extent most, even dur- 
ing the brightest part the day, and this raises the very interest- 
ing question what stimulus causes the larve and 
emerge from the mud promptly and regularly about the time 
sunset. definite data bearing this point have yet been 
obtained. 

These larve are eaten with avidity many fishes and their 
habit occupying the mud the daytime may thus serve very 
important purpose from the standpoint protection from such 
enemies. further protection afforded the disappearance 
the dissolved oxygen the hypolimnion. Usually the first 
August very little free oxygen remains this stratum, which 
makes the lower water unfit for the permanent occupation the 
larger forms which prey upon these larve. spite the lack 
oxygen, however, Pearse and Achtenberg found that the yel- 
iow perch—Perca flavescens the lower 
water and feeds upon these While these fish survive for 
period two hours water that contains dissolved oxygen, 
these authors state that doubtful whether perch able 
feed for more than few minutes time under such conditions. 
seems probable, therefore, that the Corethra larve are not 
eaten freely they might anaérobic conditions did not 


§ 
« 
q 
‘ 
4 


280 CHANCEY JUDAY. 


prevail the lower strata the deeper water. Also, the ab- 
sence dissolved oxygen the hypolimnion serves protec- 
tion the young larve which occupy this region the daytime 
for certain period after they hatch out. 


NUMBER SHALLOWER WATER. 


The larve Corethra punctipennis show decided preference 
for the deepest portion Lake Mendota. the daytime, they 
are much more abundant the mud where the water reaches 
depth meters more than they are the shallower areas. 
was found that the average number larve within the area 
bounded the meter contour line was more than three times 
large the average for the region lying between the meter 
and the meter contours, while the number obtained areas 
where the water did not exceed five meters depth was prac- 
tically negligible. 

Some three hundred samples were taken series which ex- 
tended from the shallow water the deep water; that is, from 
The results four sets these observations are shown Table 
will noted that there was marked increase the 


TABLE III. 


ENT Four Sets OBSERVATIONS WHICH WERE MADE 1917. 


Date Number. Date. Number. 
12.5 1,600 250 
15-5 4,640 5,500 
4,810 
20 7,800 20 13,380 
12 85 15 2,740 
1,080 11,650 
18.5 1,710 15,930 
20.5 3,010 


number larve correlated with the increase the depth the 
water. May 15, for example, the sample taken meters 
yielded about six times many the one meters, while 
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that meters gave nearly ten times many the latter. 
September 24, the differences were fiftyfold and more than 
hundredfold, respectively, and October the number was 
nearly two hundred times large meters meters. 

Just how these larve are able constantly maintain such 
marked difference numbers favor the deep water 
puzzling question. Their method locomotion would not lead 
one expect them travel very far their own accord should 
they reach the shallow areas, yet seems probable that many 
them are carried into the shallow water the currents when 
they migrate into the upper strata night. This would true 
especially windy nights. Table shows that very small 
number larve found meters compared with the 
deep water and per cent. the area the lake lies outside the 
meter contour line. The number usually not much larger 
meters than meters and the former divides the area 
the lake approximately into halves. The outer shallower half 
the lake, then, very sparsely populated these larve, but 
not clear just how the number kept small comparison 
with the inner deeper half the 

large proportion the former area the bottom does not 
consist material which the can readily conceal them- 
selves the daytime, being composed sand, gravel, and rock, 
that the tendency would avoid these areas. the other 
hand, the larve are more abundant the shallow portions 
protected bays where muddy bottom suitable for concealment 
found depth only meters meters. The difference 
can scarcely attributed proportionally unequal distribution 
eggs between the two regions because very large numbers 
egg bearing females are found over the shallow water well 
along the shore seems probable, therefore, that enormous num- 
bers eggs are deposited the shallow areas. 

When the larve migrate into the upper strata the lake 
night, the direct currents tend carry them into the shallow 
water, but the return currents, the other hand, will aid more 
less bringing them back the deep water. Apparently the 
factors governing the distribution the Corethra larve 
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between the shallow half and the deep half the lake are (1) 
active migration, (2) the currents—direct currents the wind- 
ward side the lake and return currents the leeward side, 
(3) relatively greater loss the shallow water due pre- 
datory enemies. 

NUMBER OTHER LAKES. 


For purposes comparison similar quantitative studies the 
bottom population were made regularly Lake Monona and 
Lake Waubesa during 1917. The former only one kilometer 
from Lake Mendota and has nearly great maximum depth, 
namely, 22.5 meters. Lake Waubesa lies about seven kilometers 
southeast Lake Mendota, but much shallower body 
water, having maximum depth only little more than 
meters. Lake Monona only about one tenth many Corethra 
larve were found corresponding depths and times Lake 
Mendota some instances the difference was more than hun- 
dredfold favor the latter lake. the deepest part Lake 
Waubesa the number varied from about the same that 
meters Lake Mendota only third quarter many but 
the deeper water Lake Mendota yielded from forty hun- 
dred times many larve the deepest portion Lake Waubesa. 
Bottom material has been obtained from about dozen other Wis- 
consin lakes and them the Corethra population has been 
relatively small, which seems indicate that Lake Mendota offers 
particularly favorable habitat for these larve. 


GRAVIMETRIC RESULTS. 


Between June, 1916, and April, 1917, more than fourteen 
thousand larve Corethra punctipennis were picked out the 
material collected Lake Mendota and they were dried for the 
purpose making chemical analysis them. The average 
amount dry matter per individual for this number was 0.251 
milligram. The average weight was also determined for eleven 
other lots larve containing from 100 300 individuals each. 
These averages ranged from maximum 0.311 milligram per 
larva, dry matter, June a-minimum 0.182 milligram 
early September. The results these weighings are shown 
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The higher average dry matter the June material 
may due larger proportion chitin the larve just 
before they pupate. August and early September the average 
size the seems smaller than that the winter brood 
and this confirmed the weights. the height the 
pupating season the summer pupate when they are distinctly 
smaller than the individuals which live over winter. The live 
weights the smaller lots were also determined, shown 
Table IV., and they indicate that about per cent. the living 
animal consists water. 


The live weight the June pupz was only about per cent. 
larger than that the June larve, but the dry weight the 
former was nearly twice large that the latter. (See 
Table This marked difference the dry weight was prob- 
ably due the presence larger amount chitin the pupa. 


IV. 


AVERAGE WEIGHT SINGLE INDIVIDUAL CORETHRA PUNCTIPENNIS 
MILLIGRAMS, TOGETHER WITH THE PERCENTAGES WATER AND ASH. 


‘ Live Weight in | Dry Weight i Per Cent. of Per Cent. of 
Larva... February... 3.06 0.250 7.06 
3-15 0.311 89.13 7.33 
September. 2.57 0.182 9.53 
2.83 0.264 90.66 8.62 
November. 3.20 0.285 91.03 
3-52 0.574 83.71 5.80 
0.75 0.427 43-32 5.89 


The adults yielded much smaller live weight than either the 
larve the pupe because they possessed much smaller propor- 
tion water. Their dry weight was greater than that the 
but smaller than that the pupe. The adults used for 
this weight were obtained from large swarm June 29, 1918, 
when pupation was very active, but there was means ascer- 
taining their their weight probably decreases somewhat with 
age, and they live for period three five days. 

The ash the larve varied from minimum about per 
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cent. the dry weight maximum 9.5 per cent., the former 
being noted February and the latter September. The 
and adults yielded substantially the same percentages ash, but 
these percentages were much smaller than the larve. 

There more less overlapping the summer broods, which 
makes difficult estimate the number larve produced during 
this season, but the winter crop larve may estimated with 
some degree accuracy. this investigation twenty-two 
samples mud were obtained the five regular stations deep 
water duringthe month November and they yielded average 
17,350 Corethra larve per square meter bottom. Five 
samples were secured December also, and they gave average 
21,900 individuals per square but four these samples 
were taken Station II. which usually gave larger yield than 
the other four stations. According these figures, the early 
winter population Corethra within the meter contour 
may conservatively estimated 18,000 individuals per square 
meter. Between October and May the live weight averaged 3.1 
milligrams per larva and the dry weight 0.266 milligram. Apply- 
ing these weights the above population gives live weight 
55-8 grams per square meter, 558 kilograms per hectare, which 
equivalent 497 pounds per acre, and dry weight 4.8 
grams per square meter, kilograms per hectare, equivalent 
42.7 pounds per acre. 

Muttkowski states that there may two generations 
summer larve addition the winter generation but, since the 
former average somewhat smaller size than the latter, the total 
weight the summer broods probably not greatly excess 
that the winter brood. That is, live weight 1,200 kilo- 
grams per hectare (1,070 pounds per acre) would conserva- 
tive estimate for the total annual production Corethra larve 
the deeper part Lake Mendota; this basis the dry weight 
would amount somewhat more than 100 kilograms per hectare, 
approximately pounds per acre. These figures apply only 
that portion the lake which lies within the meter contour 
line, since the larve are found very much smaller numbers 
the shallower water. 
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The meter contour encloses area 664 hectares which 
would give annual crop larve amounting substantially 
797 metric tons, live weight, for this portion the lake, dry 
weight about metric tons. The live weight all other 
macroscopic inhabitants this area was 92.3 metric tons and 
their dry weight was about metric tons. 

previously indicated, the population Corethra larve 
the region between meters and meters averaged about one 
third large per unit area that the deeper water. order 
not overestimate the annual production the shallower water, 
the area lying between the shoreline and depth meters 
may omitted from the calculation since the number larve 
found this region small; addition, also, the average 
between the meter and meter contours, comprising 
area 1,738 hectares, may reckoned one quarter instead 
one third large that the deep water. this basis the 
live weight becomes 300 kilograms per hectare and the dry 
weight kilograms, thus making the annual crop Corethra 
this portion the lake little more than 521 metric 
tons, live weight, about metric tons dry material. These 
results combined with those obtained for the deep water area give 
total annual production 1,318 metric tons living larve 
which would yield 110 metric tons dry material. 


CHEMICAL RESULTs. 


The results the chemical analysis the larve are shown 
Table and they are stated percentages the dry weight. 


TABLE 


RESULTS THE CHEMICAL ANALYSIS THE CORETHRA PUNCTI- 
PENNIS STATED PERCENTAGES THE Dry WEIGHT. 


= | QmdeBeite: | Crude Protein Ether Extract Crude Fiber Per Cent. 
Nitrogen. (Fat). (Chitin) Ash, 
10.74 67.12 9.45 6.15 


The percentage nitrogen notably high, which means cor- 
respondingly large proportion crude protein. The percentage 
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given the table does not include the nitrogen the crude fiber 
(chitin) which amounted 0.46 per cent. comparison with 
this the larve Chironomus tentans yielded much smaller 
percentage nitrogen, namely, 7.36 per cent. 

The yielded fairly large amount fat (ether extract), 
namely 9.45 per cent. the dry sample. Together the crude 
protein and the fat constituted more than per cent. the dry 
material. From the standpoint quality, this large proportion 
these two.excellent food materials gives the larva Corethra 
punctipennis very high rank source food for other 
organisms. 
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